Abstract
Psoriasis is a chronic inflammatory skin disease in which epidermal hyperproliferation leads to the development of lesions of characteristic morphology. The process of epidermal hyperproliferation is associated with an increased number of cell divisions in the basal layer and abnormal keratinocyte maturation cycle [1] . The clinical manifestations of the disease are different and may include single papules and plaques, larger patches or generalized changes (psoriatic erythroderma) [2] . Psoriasis may also manifest as localized or generalized pustular lesions [1] . 5-40% of psoriasis patients develop psoriatic arthritis [3] . Moreover, people with psoriasis are more often affected by such disorders as abdominal obesity, dyslipidemia, hypertension and diabetes (with insulin resistance). They are the components of metabolic syndrome which is connected with a greater risk of cardiovascular diseases [4] [5] [6] .
The etiopathogenesis of psoriasis has not been fully elucidated yet. Experimental investigations and clinical observations indicate its high complexity, where genetic, immunological and environmental factors are involved [7] . Nowadays, psoriasis is perceived as a multifactorial disease of genetic origin, in which complex immunological disorders concerning specific and non-specific defense mechanisms play a key role [8, 9] .
Researchers emphasize the systemic and inflammatory character of the disease, its autoimmunological aspect and, above all, its dependence on T cells -Th1, Th17 and recently Th22 [10, 11] . It is thought that immunological disorders in people who are genetically predisposed lead to initiating and sustaining of skin inflammation, resulting in abnormal differentiation and excessive proliferation of keratinocytes [12] . Cellular and humoral responses of the immune system are equally important in this process. T cells with type 1 cytokine profile (Th1 and Tc1), Th17 and Th22 lymphocytes, regulatory T (Treg) cells, NK and NK-T cells, antigenpresenting cells (dendritic cells, including Langerhans cells), keratinocytes, neutrophils, monocytes and macrophages are among the cells that take part in the pathogenesis of psoriasis [13, 14] .
Other important factors include: • interleukines: IL-1, IL-2, IL-6, IL-8, IL-12, IL-17, IL-20, IL-22, IL-23, tumor necrosis factor α (TNF-α) and interferon γ (IFN-γ), • some growth factors: vascular endothelial growth factor (VEGF), keratinocyte growth factor (KGF) [9, 11, 15] , DOI: 10.5114/ceji.2013.34370 • chemokines participating in cell migration: CCL17 (TARC), CXCL9 (MIG), CXCL10 (IP10), CCL22 (MDC), CCL5 (RANTES), CXCR2, CCR4, CCL27, CCR10, CCL20 (MIP3α), CCL19 (MIP3β) and CCR6 [2] , • adhesions molecules supporting leukocytes migration: intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), E-selectins and vascular adhesion protein 1 (VAP-1) [11] . Individual factors participate in different stages of psoriasis development [15] . T cells, keratinocytes and their interaction by means of cytokines are particularly important. It is emphasized that both innate and adaptive immunological mechanisms may in turns maintain inflammation in the epidermis and consequently the response of keratinocytes [16] . However, a uniform pathogenetic model of the disease, covering all potential factors, has not been provided [9] .
An important role of the immune system in the formation of psoriatic lesions is confirmed by numerous experimental models with the use of transplantation of human skin in animals with immunological defects [17] . Pharmacotherapies using the suppressive or modifying activity of such drugs as cyclosporine or biological drugs have also proved to be effective in the treatment of psoriasis [17, 18] . Moreover, the immunological base of the disease may be confirmed by the development or regression of psoriatic lesions in recipients after the transplantation of bone marrow which is a source of precursors for various cells of the immune system [19] .
The importance of non-specific immune mechanisms
Stimulation of non-specific response mechanisms in psoriasis may be due to inadequate (excessive) reaction of the immune system to unidentified environmental triggers, such as trauma or infectious agents penetrating the epidermal barrier [7, 16, 20] . The examinations of psoriatic lesions have shown the presence of cellular and humoral effectors of non-specific response, including a number of factors released by the stimulation of keratinocytes and immune cells [21] . Research has shown an increase in the number and activation of neutrophils, monocytes and mocrophages, dendritic cells, NK and NK-T cells, and hyperplasia of keratinocytes [6, 16, 20] . Increased expression of humoral factors has also been observed: • receptors involved in microbial recognition -Toll-like receptors (TLR -TLR1, TLR2) [22] , • heat shock proteins (HSP) [23] , • komplement components [24] , • cytokines (TNF-α, IFN-γ, IL-1, IL-6, IL-12, IL-15, IL-18), • chemokines IL-8, • antimicrobial peptides and proteins (AMPs) [16] .
The peptides which are potentially important in psoriasis include β-defensins (hBD-2, hBD-3) [7] , cathelicidins (IL-37), S100 proteins and lysozyme [7, 17] .
Microorganisms, by means of so-called pattern recognition receptors (PRR), such as TLRs or type C lectins, may play an important role in the initiation of the immune response [7, 22, 25] . As a result of stimulation of these receptors, keratinocytes and immune cells secrete cytokines, chemokines, protease inhibitors, neuropeptides and peptides, including endogenous antimicrobial proteins and peptides [6] . Originally triggered innate factors further contribute to the activation of immune cells, their recruitment to the skin and are associated with the engagement of specific immune mechanisms with the participation of T cells [7, 16] .
In psoriasis, keratinocytes perform immune function and they are a source of proinflammatory cytokines, including TNF-α, IL-1 and IL-6 as well as chemokines, including IL-8 which induces chemotaxis of neutrophils and lymphocytes into the epidermis [16] . It has been shown that epidermal cells in psoriatic lesions, due to cytokine release, have the ability to activate CD4+ T cells, whereas normal keratinocytes do not produce such an effect [26] .
Neutrophils accumulate in psoriatic epidermis and perivascular space, creating clusters observed microscopically, called Munro's microabscesses [16] . These cells are present in psoriatic lesions rather in the early stages of their development [17] . It is believed that they, by means of secreted elastases, may also contribute to epidermal hyperproliferation [27] . An increased number of NK and NK-T cells in the lesions and serum of patients suggests their participation in psoriasis process [28] . The same phenomenon applies to macrophages in psoriatic skin [29] .
Dendritic cells may be involved in the non-specific response mechanisms in psoriasis by recognizing pathogens through TLRs and CD1 and secretion of proinflammatory cytokines and chemokines [30] . Increased numbers of dendritic cells have been reported in literature. In addition, many of these cells correspond phenotypically to mature cells, having such receptors as CD80, CD83, CD86 and able to stimulate lymphocytes, thus providing a link between specific and non-specific immune mechanisms [31] . It has been shown that also in the clinically intact skin in patients with psoriasis, dendritic cells exhibit stimulating activity [32] .
The importance of specific immune mechanisms
T cells are the elements of specific immune response and play a key role in psoriasis. Significantly more different populations of T cells are found in the lesions than in healthy skin. These are CD4+ CD45RO+, CD4+ CD25+, CD8+ CD45RO+, CD8+ CD25+ lymphocytes [33] . In the dermis, CD4+ T cells (Th -helper T cells) are more numerous than CD8+ T cells (Tc -cytotoxic T cells), while the latter predominate in the epidermis [34] . In the psoriatic process, the circulating T cells are stimulated and next recruited to the skin, where they participate in the formation of skin lesions [35] .
In psoriatic skin there are more CD45RO+ memory T cells formed as a result of antigen stimulation than CD45RA+ naive T cells [34] . Their activation requires prior interaction with antigen-presenting cells (APC), which include Langerhans cells and other dendritic cells [17] .
Sabat et al. proposed a model consisting of three phases of development of the immune response in psoriasissensitization, silence and effector phase. In their course, initially asymptomatic clinical events precede immune cells migration to the skin and the response from keratinocytes [1] .
In the first phase, skin dendritic cells stimulated by various not fully identified antigens and autoantigens, undergo transformation and maturation and present antigens to T cells in the regional lymph nodes.
It is believed that bacterial superantigens [37] , streptococcal M protein [38] , retroviral antigens, human papillomavirus (HPV) [39] , neuropeptides, such as substance P [40] , keratin-derived peptides [9] and stratum corneum autoantigens and keratin 17 [16] may have a potential impact on the development of psoriasis.
As a result of the interaction with dendritic cells, naive T cells differentiate into effector or memory cells. CD4+ T cells produce populations of Th1 or Th17 and CD8+ T cells produce Tc1 -crucial in psoriasis helper cells and cytotoxic cells of type 1 cytokine profile (secreting IL-2, TNF-α and IFN-γ) and helper cells of type 17 cytokine profile (releasing IL-6, IL-17 and IL-22) [15, 41] . Then lymphocytes migrate from the lymph nodes via lymphatic and blood vessels and settle into the skin. This process is possible thanks to the receptors and adhesive particles present on the surface of the cells and endothelium.
Cutaneous lymphocyte-associated antigen (CLA), called skin-homing receptor plays a special role on the part of lymphocytes. Chemokines (MIP-5α, RANTES, macrophagederived chemokine, monokine induced by IFN-γ, inducible protein-10) and chemokine receptors (CCR6, CCR5, CCR4, CXCR5) are also involved in the migration of T cells in psoriasis [40] .
After the initial lymphocyte stimulation, clinically asymptomatic phase begins and is characterized by the presence of memory cells in the blood and tissues [15] .
In the last, effector and symptomatic chase, as a result of antigenic restimulation, the previously sensitized T cells migrate to the skin and are stimulated. This phenomenon is accompanied by infiltration of other immune cells, such as monocytes and macrophages, dendritic cells and neutrophils. Lymphocyte and other cell interactions and secreted inflammatory mediators cause hyperproliferation and abnormal differentiation of keratinocytes and formation of clinically observed psoriatic lesions [15, 40] .
Some authors point to the involvement of autoimmune mechanisms in the pathogenesis of psoriasis. As mentioned above, the stratum corneum autoantigens may play a role in initiating the immune processes [16] .
According to Nickoloff and Nestle, during immune synapse formation and autoantigen presentation to T cells by dendritic cells, a mutation within the receptors responsible for the transmission of signals between the cells does not allow for the elimination of autoreactive T cells. Lymphocytes may then interact with antigen-presenting cells and keratinocytes and induce plaque formation [2] . As mentioned above, the pathogenetic process in psoriasis may involve different populations of lymphocytes, including CD4+CD25+ regulatory T cells. Sugiyama et al. point to their abnormal suppressive activity in this disease [42] .
Summing up, different proinflammatory stimuli lead to the interaction of dendritic cells and T cells, resulting in immune synapse formation between the cells and subsequent activation of antigen-specific T cells. This results in the release of cytokines, chemokines and growth factors, which initiate the proliferation of epidermal cells and continue to stimulate the activation of T cells and antigen-presenting cells [10] . Th1 and Th17 lymphocytes, in particular, but also macrophages and neutrophils are responsible for the release of proinflammatory mediators, the maintenance of inflammation in the skin and development of psoriatic lesions [10, 43] .
The importance of cytokines
Proinflammatory cytokines are involved in every phase of the development of psoriasis. They contribute to the establishment of pathogenic vicious circle, in which keratinocytes, endothelium and immune cells release inflammatory mediators, stimulate each other, maintaining the process of chronic inflammation [2] . Type 1 cytokines (TNF-α, IFN-γ, IL-2), type 17 cytokines (IL-6, IL-17 and IL-22) and IL-23 are the most important in psoriasis [44] .
Recently, the authors have also pointed to the role of IL-20, IL-15 and IL-26 [11] . Elevated levels of many cytokines are found in psoriatic lesions (TNF-α, IL-6, IL-17, IL-20, IL-22) [44] [45] [46] , in the serum (TNF-α, IFN-γ, IL-6, IL-8, IL-12, IL-17, IL-18, IL-20, IL-22) [4, 47] and in the synovium in psoriatic arthritis (TNF-α) [45] . The role of cytokines in the pathogenesis of psoriasis is confirmed by the effectiveness of therapies directed against different humoral factors, such as TNF-α [48] , IL-12 and IL-23 [49] .
Tumor necrosis factor α is secreted by keratinocytes, dendritic cells, T cells, NK cells, neutrophils, monocytes and macrophages [50] . For many years this factor was regarded as a central cytokine in psoriasis. Effects of its activity include stimulation of the synthesis and release of proinflammatory cytokines [40] , stimulation of the proliferation and differentiation of many cells [51] , stimulation of dendritic cell maturation [52] , increasing the expression of adhesive molecules on endothelial cells and keratinocytes, decreasing the expression of E-cadherins, which facilitates the migration of immune cells, and stimulation of epidermal cell division [40] .
Interferon γ is released by T cells, NK cells, macrophages and keratinocytes [2] . It is an immunoregulatory cytokine which increases the activity of antigen-presenting cells, increases the expression of adhesive molecules on endothelial cells and keratinocytes, stimulates the release of certain cytokines and contributes to increase in the number of receptors for TNF-α on cells. Interferon γ, as an inhibitor of the proliferation of keratinocytes, may influence this process in psoriatic epidermis [40] .
Interleukin 6 is produced by, inter alia, keratinocytes, endothelial cells and white blood cells migrating to the skin. It contributes to the psoriatic epidermal hyperplasia and may affect the function of immune cells. For example, it may stimulate the differentiation of Th17 cells, which, by means of IL-17, stimulate the release of IL-6 from keratinocytes [46] . Interleukin 17, synthesized by Th cells, plays a key role in inducing and maintaining inflammation in psoriasis, stimulates the synthesis of proinflammatory cytokines, such as IL-1, IL-6 and GM-CSF, inter alia, through endothelial cells, monocytes and macrophages. It stimulates the secretion of IL-8 and other chemokines by kerationcytes [44, 51] . It also influences neutrophils by activating them [49] .
Interleukin 22, secreted mainly by Th17 cells and additionally by other populations of lymphocytes, is responsible for epidermal hyperplasia and hypogranulosis and inhibits terminal differentiation of keratinocytes and also regulates their migration process. Moreover, it stimulates the release of inflammatory mediators -cytokines, chemokines, acute phase proteins and antimicrobial peptides [25, 44] .
Interleukin 20 is released by monocytes, dendritic cells and keratinocytes. Its effect on keratinocytes is similar to that of IL-22 [4] .
Interleukin 23, produced by dendritic cells and macrophages, is responsible for the stimulation of T cells [44] . Probably, it also is responsible for the formation of inflammatory infiltrates of various epidermal immune cells, promotes epidermal acanthosis [53] and causes the release of TNF-α [44] . In recent years, an important role in the pathogenesis of psoriasis has been attributed to the interrelation between Th17 cells and IL-23 [49] . Interleukin 23 stimulates Th17 cells to produce IL-17 and IL-22, which in turn induce activation and proliferation of keratinocytes. Activated epidermal cells become a source of cytokines, chemokines and antimicrobial peptides, resulting in an influx of immune cells into the epidermis and their subsequent activation [49] .
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